Purpose: The prognostic significance of serum interleukin (IL)-8 was evaluated in patients with metastatic breast cancer. The predictive value of serum IL-8 for the presence of occult metastatic tumor cells in bone marrow aspirates was evaluated in patients with operable and metastatic breast cancer.
INTRODUCTION
The contribution of inflammation and inflammatory cells to the process of tumor progression is increasingly being recognized (1) . Several reports have elaborated on the involvement of chemokines in tumor growth, invasion, and metastasis (2) . More specifically, interleukin (IL)-8, which bears the glutamic acid-leucine-arginine-positive motif and is therefore also considered an angiogenic chemokine, has received considerable attention (3) (4) (5) . IL-8 is a member of the CXC chemokine family of related proinflammatory cytokines. IL-8 was originally identified as a chemoattractant for neutrophils (6 -8) . It is secreted by a variety of stromal cells, e.g., endothelial cells and fibroblasts, and tumor cells, e.g., melanoma, prostate, and endometrial tumor cells. IL-8 binds with high specificity to the CXR-1 and with less specificity to CXR-2 (9) . Both receptors are expressed on stromal cells and tumor cells (10) . A tumorpromoting role for IL-8 has been proposed in a wide variety of human solid tumors comprising malignant melanoma; nonsmall-cell lung cancer; malignant mesothelioma; head and neck squamous carcinoma; cervical and endometrial carcinoma; epithelial ovarian carcinoma; gastric, pancreatic, and colorectal carcinoma; hepatocellular carcinoma; androgen-independent prostate adenocarcinoma; renal cell carcinoma; breast cancer; and Kaposi's sarcomas (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) .
The exact mechanisms by which IL-8 might promote tumor growth remain to be elucidated. An autocrine role of IL-8 modulating survival and proliferation of tumor cells has been suggested (2, 5) . In non-small-cell lung cancer cells in vivo, blocking of IL-8 with an antibody decreased tumor growth by approximately 40%. In vitro, however, no alterations in tumor cell proliferation were observed (25) . This is compatible with an IL-8 -mediated stromal cell modulation of tumor growth. Autocrine and/or paracrine modulation of tumor growth might be further enhanced by an IL-8 mediated chemoresistance phenotype of the tumor cells (26) .
IL-8 expression is enhanced by vascular endothelial growth factor (VEGF)-A, and both are modulated by hypoxia (27) (28) (29) . VEGF is one of the most prominent hypoxia-induced growth factors involved in autocrine-mediated survival and paracrinemediated endothelial cell survival and proliferation. More angiogenesis concurs with a higher vessel density, thus an increased propensity for metastasis, and enhanced paracrine growth stimulation of the tumor cells. Haraguchi et al. (19) have documented a high IL-8 concentration in veins draining colorectal tumors. This suggests that circulating IL-8 is derived, at least in part, from the primary tumor; whether it is produced by tumor cells, stromal cells, or both was not investigated. Interestingly, a positive association between the IL-8 concentration in the veins draining the tumor and mean vascular density was observed; this suggests that circulating IL-8 might mirror intratumoral, ongoing hypoxia-mediated angiogenesis. Considering the occurrence of both IL-8 receptors on both tumor cells and endothelial cells, enhanced expression of IL-8 might give rise to an additional stimulus for ongoing angiogenesis supporting tumor growth (10) . Similar observations have been made in nonsmall-cell lung cancer and melanoma (11, 12, 30) .
Additionally, IL-8 was primarily known to be chemotactic for neutrophils. Inflammatory infiltrates have been associated with enhanced tumor growth and worse survival (31) . This might be attributed to the release of angiogenic growth factors by neutrophils and macrophages (32) .
The role of IL-8 in breast cancer was investigated by examining the differential expression of the IL-8 receptors on endothelial and tumor cells in breast cancer tissue. All breast cancer cells expressed the IL-8 receptors CXR-1 and CXR-2, whereas only 50% of the benign breast tissue samples expressed either CXR-1 or CXR-2. Moreover, the endothelial cells also expressed both IL-8 receptors (10) . This suggests that autocrine and paracrine interactions between the stromal cells and tumor cells might be mediated by IL-8. IL-8 mRNA transcripts have been measured in normal breast tissue and in both stromal and tumor cells of neoplastic breast tissue (23) . Although no correlation was observed between the expression of IL-8 mRNA and clinicopathological variables such as tumor grade, patient age, or nodal status, a significantly higher expression was measured in neoplastic tissue compared with normal tissue.
Serum IL-8 measurements in breast cancer are scarcely documented. Yokoe et al. (33) have measured serum IL-8 in 12 heavily pretreated patients with recurrent breast cancer and reported a small increase of IL-8 in those patients with refractory progressive disease and almost no decrease in those with partial response or no change after systemic therapy.
We prospectively compared serum IL-8 levels in healthy controls, patients with localized breast cancer, and patients presenting with untreated and thus progressive metastatic disease. Furthermore, static clinicopathological variables, e.g., hormone receptor status, and more dynamic variables such as tumor doubling time were recorded, and associations with IL-8 were studied. The prognostic importance of serum levels of IL-8 was also documented in these patients. Serum IL-8 was correlated with the presence or absence of micrometastasis in bone marrow.
PATIENTS AND METHODS
Patients and Therapy. This report concerns three groups of individuals. The control group consisted of 27 healthy female volunteers. Samples from this group were collected in 2000 and 2001. The first patient group consisted of 64 patients with breast cancer presenting with operable disease. The second group included 77 patients presenting in our clinic with untreated metastatic breast cancer. These patients were seen between May 1998 and March 2001. A third patient group includes 69 patients with untreated breast cancer (43 of the 64 patients with operable disease and 26 of the 77 patients with advanced disease). These 43 patients with localized disease were all those who consented to have a preoperative bone marrow aspiration, and the 26 patients from the advanced disease cohort are those who presented with non-pretreated metastatic breast cancer and consented to have a pretreatment bone marrow aspiration.
Clinicopathological Variables. The following clinicopathological variables were entered in a database for all patients: age, menopausal status, Karnofsky performance status, histologic type, tumor size, nodal status, and hormone receptor expression. For the 77 metastatic breast cancer patients, the extent of disease as assessed by clinical and imaging studies was also added to the database, along with previous adjuvant chemotherapy and endocrine treatment, disease-free interval, current therapy, presence of liver involvement, presence of lung metastases, pleural effusion, ascites, bone involvement, number of organs involved, estimation of tumor load, and tumor growth kinetics.
Tumor Load. An estimation of the extent of disease was attempted as described previously (34) . For bone lesions, a whole body technetium scan at the time of data collection was used: (a) limited disease was defined as one to two hot spots, (b) moderate tumor load was defined as three to five separate hot spots, and (c) high tumor load was defined as more than five separate hot spots. For liver involvement, a standard contrastenhanced computed tomography scan was used, and for pulmonary lesions, a standard contrast-enhanced computed tomography scan or a standard X-ray was used. These were scored as follows: (a) small volume of disease, Ͻ10% of the estimated organ volume was involved with disease; (b) moderate volume of disease, 10 -25% of the estimated organ volume was involved with disease; and (c) large burden, more than one quarter of either the liver or lung was estimated to be replaced by tumor. Two investigators scored each patient separately. These different categories, although arbitrarily chosen, were predefined. A true validation of the assessment of tumor load was not performed.
Tumor Progression Kinetics. For the majority of patients, no clear progression kinetics were available. For 37 patients, this was the case. Tumor measurements were available at two different time points before the start of therapy. The time interval separating these two assessments ranged between 6 and 14 weeks. The majority of these assessments were made radiologically, and if numerous lesions were considered as target lesions, the most rapidly growing lesion determined the progression kinetics. In one patient with a supraclavicular node metastasis, assessment was made clinically by measuring nodal size. Disease progression was considered to be rapid when estimated tumor doubling time (duplication of surface area) in any lesion was Ͻ3 months, assuming linear progression kinetics.
Blood Collection. Blood was collected in a serum separator tube (Vacutainer; Becton Dickinson, San Jose, CA) and allowed to stand for 30 minutes at room temperature to ensure full clotting. All samples were subsequently centrifuged at 3,000 ϫ g for 5 minutes, and the supernatant was aliquoted and stored at Ϫ80°C until further analysis. Plasma samples were collected in sterile tubes containing sodium citrate and centrifuged and stored in the same manner. Serum IL-8 concentration was determined with an enzyme-linked immunosorbent assay (R&D Systems, Minneapolis, MN). VEGF and basic fibroblast growth factor (bFGF) measurements were performed as described previously (34) . The half of the detection limit value of the patient samples was used for statistical analysis in case the measured values did not reach the detection limit of the assay. The detection limits of the assays were 10.0 pg/mL for IL-8, 0.22 pg/mL for bFGF, and 9 pg/mL for VEGF. Within-assay reproducibility has been tested previously (35) .
Bone Marrow Preparation and Immunostaining. After providing signed informed consent, patients underwent bone marrow aspiration from the posterior iliac crest, a procedure approved by the institutional ethical boards. In brief, 9 mL of bone marrow aspirate were collected in heparin-coated tubes. After centrifugation using a Ficoll-Paque density gradient, the mononucleated interphase cells were isolated and washed twice with PBS. Cells (5 ϫ 10 5 cells per spot) were centrifuged onto Superfrost-coated glass slides. Micrometastatic cancer cells were then detected immunohistochemically using the Epimet Cell Detection Kit (Baxter Inc., Unterschleissheim, Germany). Cells were identified as disseminated epithelial cells according to the European International Society for Hematotherapy and Graft Engineering Working Group for Standardization of Tumor Cell Detection (36) . A total of 2 million cells per patient were screened microscopically by two independent observers. Results were expressed as the number of positive cells per million MNC.
Fourteen patients with a hematologic malignancy who underwent bone marrow sampling for diagnostic purposes were considered as appropriate negative control patients.
Statistical Analysis. Statistical analysis was performed with Graphpad Prism version 2.0 (Graphpad Software, Inc., San Diego, CA). Half the detection limit value of the patient samples was used for statistical analysis in case the measured values did not reach the detection limit of the assay. The detection limit of the Il-8 assay was 10 pg/mL. Comparisons of continuous variables were performed with the Mann-Whitney U test. The relation between continuous variables was analyzed with a Spearman rank correlation analysis. Means and SDs are given. P Ͻ 0.05 was considered significant. Survival curves were plotted by the Kaplan-Meier method, and log-rank comparison was performed to compare differences in survival. Multivariate analysis was performed with Cox regression to discern which variables yield independent predictive value on survival.
Ethical Committee. The local ethical committee approved this study, and written informed consent was obtained from all patients involved.
RESULTS
Serum Interleukin-8 in Female Volunteers and Breast Cancer Patients. In 27 healthy volunteers the mean serum IL-8 was 5.4 pg/mL (median, 5.0 pg/mL; 95% confidence interval, 4.826 -5.989) with a range from 5.0 to 10.8 pg/mL (Fig. 1) . In the 64 patients with operable disease, serum IL-8 increased to a mean value of 8.3 pg/mL (median, 5.0 pg/mL).
The difference in serum IL-8 between the controls and patients with operable breast cancer is significant (P ϭ 0.047). Serum IL-8 increased in patients with progressive metastatic breast cancer to a mean value of 34.54 pg/mL (median, 17.2 pg/mL) ranging from 5.0 to 211.8 pg/mL. Again, this differed significantly from both controls (P Ͻ 0.001) and patients with operable disease (P Ͻ 0.001).
Serum Interleukin-8 in Patients with Metastatic Breast Cancer (Univariate Analysis). More than 67% (52 of 77) of patients with metastatic breast cancer had increased serum IL-8 levels. Within this group, serum IL-8 levels increased gradually, according to tumor load (P Ͻ 0.0001) and tumor progression kinetics (P Ͻ 0.0114; Table 1 ). Patients with liver or lymph node involvement also had higher IL-8 levels compared with those without liver (P Ͻ 0.0004) or lymph node (P ϭ 0.0068) involvement. This association between serum IL-8 and liver metastasis was independent of tumor load. Serum IL-8 did not differ according to the number of metastatic sites involved or the presence or absence of a pleural effusion. With regard to clinicopathological data at initial diagnosis, a striking correlation between nodal status and serum IL-8 was observed (P Ͻ 0.0068). There were no associations between serum IL-8 and age at diagnosis, T stage at presentation, hormone receptor status, menopausal status, histology, adjuvant chemotherapy or endocrine treatment, or disease-free interval.
Serum Interleukin-8 and Prognosis in Patients with Metastatic Breast Cancer. Univariate and multivariate analyses were performed in patients to evaluate the prognostic importance of IL-8 (Fig. 2) . Serum samples were taken from untreated patients at the time of diagnosis. When dichotomized, using the median values of IL-8 (17.2 pg/mL), survival was significantly shorter for patients with IL-8 levels above this median value in univariate analysis (P ϭ 0.0045). The following variables were entered for multivariate logistic regression analysis: tumor load, progression kinetics, number of sites involved, IL-8 values, T stage, N stage, hormone receptor status, menopausal status, histology, liver involvement, pleural effusion, and Serum Interleukin-8 and Micrometastasis in Breast Cancer Patients. Using a cytokeratin staining for the detection of occult epithelial cells in bone marrow aspirates, we were unable to retain any positive staining cell in the bone marrow aspirates of 14 patients with benign and malignant hematologic conditions (data not shown). In the bone marrow aspirates of 69 patients with different stages of breast cancer, cytokeratinpositive cells could be detected in 24 patients (35%). The number of positive cells ranged between 0.5 and 122 per million mono nuclear cells. Patients with positive bone marrow involvement had increased serum IL-8 levels compared with those without bone marrow involvement (P ϭ 0.0334). The significance of this relationship persisted when only the 43 patients with locoregional disease were considered. In these patients, serum and plasma VEGF and serum bFGF were also determined, and neither showed any relationship with the presence of cytokeratin-positive cells (data not shown). In these 43 patients, a trend was observed between nodal status, as evaluated by routine histology, and serum IL-8 (P ϭ 0.078). In the group of 69 patients, serum IL-8 correlated with the actual number of cytokeratin-positive cells (r ϭ 0.32; P ϭ 0.0082).
DISCUSSION
Members of the chemokine family have been observed to contribute to both growth and progression of different types of human cancer. Chemokines are divided into two major subfamilies (CC and CXC) based on the position of their NH 2 -terminal cysteine residues, and they bind to seven transmembrane domain G-protein-coupled receptors, whose two major subfamilies are designated CCR and CXCR. Muller et al. (37) provided convincing evidence that a leukocyte chemoattractant receptor named CXCR4 and its ligand, CXCL12 (SDF1␣), together govern the pattern of breast cancer metastasis in an animal model. IL-8 is a member of the CXC chemokine family; it is chemotactic for leucocytes and activates leukocytes. IL-8 also has mitogenic, angiogenic, and motogenic properties in different cancer models. Green et al. (23) evaluated differences in mRNA transcripts for 13 different cytokines between 56 normal breast tissues and 73 neoplastic breast tissues using reverse transcription-polymerase chain reaction. The only correlation in this study was a higher IL-8 mRNA level in the neoplastic breast tissue. De Larco et al. (38) showed a strong correlation between the metastatic potential of breast carcinoma cell lines and their ectopic expression of IL-8. They continued to show that increased IL-8 expression in metastasis-prone cell lines is possibly caused by an atypical epigenetic mechanism, whereby upstream CpG methylation, rather than promoter methylation, results in increased IL-8 production (39) . More recent data have suggested that IL-8 plays a major role in the predilection of breast cancer for metastasis to bone and that IL-8 expression in breast cancer relates to estrogen receptor negativity (40, 41) .
In patients with breast cancer, data on circulating levels of IL-8 are scarce, and the prognostic relevance of circulating IL-8 has not been reported. The comparative analysis of the IL-8 profile in healthy volunteers, patients with local disease, and those with progressive metastatic disease demonstrates that healthy volunteers have significantly lower levels of IL-8 than both patient groups. Moreover, these findings also indicate that advanced disease gives rise to higher circulating levels of IL-8. This study clearly defines the independent prognostic significance of circulating IL-8 in patients presenting with metastatic breast cancer. It is important to remember that this cohort of patients was unselected and untreated, with the exception of adjuvant therapy, for their disseminated disease. This is important because breast cancer cells treated with cytotoxic agents have an altered cytokine expression profile exhibiting higher IL-8 levels, leading to enhanced chemoresistance of the tumor cells. Our data suggest that both an increased tumor bulk and a more malignant phenotype of the tumor may account for the gradual rise in circulating levels of IL-8. This is elaborated by the highly significant association between higher tumor load and circulating IL-8, confirming the previous association seen in other tumors, e.g., melanoma and renal cell carcinoma, and by the consistent finding of high IL-8 being positively associated with the kinetics of progression. A shorter clinical tumor doubling time, considered as a measure of the malignant phenotype, as well as tumor bulk correlated with circulating IL-8 levels. Although a higher tumor load does not necessarily correlate with the quantity of tumor cells, the notion that both tumor cells and stromal cells produce IL-8 lends further evidence for this statement. Moreover, the higher IL-8 levels found in patients with liver metastasis suggest that metastatic tumor cells continue to produce IL-8. However, this might also be in accordance with a decreased clearance of IL-8 by hepatic cells. Nevertheless, the gradual rise of IL-8 with tumor progression and the association of IL-8 with tumor load and tumor doubling time suggest that serum IL-8 mirrors both tumor cell mass and tumor aggressiveness. When analyzing clinicopathological variables at presentation, higher IL-8 levels concurred with nodal metastasis. It is tempting to speculate in this case that IL-8 contributed to early metastasis in these patients. In the 43 patients with operable breast cancer, a trend was observed between nodal status, as evaluated by routine histology, and serum IL-8 (P ϭ 0.078). We failed to observe a relation between serum IL-8 and hormone receptor status, both in each separate cohort and when both cohorts were analyzed together. In summary, these observations concur with the notion that increased serum IL-8 in patients with metastatic breast cancer is associated with a worse clinical outcome. When corrected for other variables, an independent prognostic significance was retained after multivariate logistic regression analysis. Additionally, high circulating IL-8 levels correlated with poor response to systemic chemotherapy in patients with epithelial ovarian cancer. Yokoe et al. (33) described the occurrence of sustained higher circulating IL-8 levels in those breast cancer patients who did not respond to therapy. Investigations considering chemoresponsiveness in patients with low and high IL-8 levels are ongoing.
We furthermore analyzed whether serum IL-8 would predict for the presence of occult tumor cells in bone marrow. In a group of 69 patients with different stages of breast cancer who consented to have their marrow aspirated before any type treatment, cytokeratin-positive cells were detected in 24 patients (35%). Increased serum IL-8 predicted for the presence of cytokeratin-positive cells in bone marrow (P ϭ 0.0334). The significance of this relationship persisted when only the 43 patients with locoregional disease were considered. Other angiogenic cytokines (serum VEGF, plasma VEGF, and bFGF) failed to show any such relation. In these 69 patients, serum IL-8 strongly correlated with the actual number of cytokeratin-positive cells (r ϭ 0.32; P ϭ 0.0082).
This observation renders clinical support to the observations made by De Larco et al. (38, 39) . It is reasonable to equate the presence of disseminated tumor cells in bone marrow as the precursor of actual bone metastases. The role of IL-8 in the predilection of breast carcinoma cells for bone tissue metastasis has been pioneered by Bendre et al. (40) . These investigators have shown that recombinant IL-8 induces the expression of RANKL mRNA and protein in osteoblastic cells and stimulates formation of bone-resorbing osteoclasts, even in the absence of RANKL. In this model, the role of parathyroid hormonereleasing protein would then be a critical event later on, to stimulate the vicious cycle of bone destruction.
In summary, this study renders clinical support for the role of IL-8 in clinical progression of human breast cancer, both at early stage and in patients with advanced disease. Furthermore, it increases the evidence for the critical role of inflammation and its mediators in the process of tumor progression.
